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Non-wetting surfaces

Superhydrophilic Hydrophilic Hydrophobic Superhydrophobic

24.00° 115.60°

θ ~ 0° 0°< θ < 90° θ > 90° θ* > 150°

3.30° 161°

γLV

γSLγSV

Liquid

Solid

Vapor

Similarly, superoleophobic surfaces display contact angle  θ* > 150° with oils 
or alkanes

Contact angles with water:
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Rf = -CH2CH2(CF2)nCF3

Si

Si

O

O

Si

Si

Si

Si

O

O

O

O

Si
O

Si

O

O
O

O
O

Rf Rf

Rf

Rf

Rf

Rf

Rf Rf

OH-/H2O

solvent
RfSiX3

n = 0, 3, 5, 7

T8

Fluorinated POSS Synthesis

Angew Chem, 2008

Si

Si

O

O

Si

Si

Si

Si

O

O

O

O

Si
O

Si

O

O
O

O
O

F3CF2CF2CF2CF2CF2CF2CF2CH2CH2C CH2CH2CF2CF2CF2CF2CF2CF2CF2CF3

CH2CH2CF2CF2CF2CF2CF2CF2CF2CF3

F3CF2CF2CF2CF2CF2CF2CF2CH2CH2C

CH2CH2CF2CF2CF2CF2CF2CF2CF2CF3

F3CF2CF2CF2CF2CF2CF2CF2CH2CH2C

F3CF2CF2CF2CF2CF2CF2CF2CH2CH2C CH2CH2CF2CF2CF2CF2CF2CF2CF2CF3

• Crystalline solids
• Soluble in fluorinated solvents
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• Spin-cast surface of FD POSS
• ~4 μm rms roughness by AFM 
• 154° Static water contact angle

Hydrophobic Materials

Water

POSS Surface

5 µm

Angew Chem, 2008

• Crystalline solids
• Soluble in fluorinated solvents
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Zisman Analysis

Fluorodecyl: 
R = -CH2-CH2-(CF2)7-CF3

Contacting liquids:
hexadecane (γlv = 27.5 mN/m), dodecane (25.3), 
decane (23.8), octane (21.6), heptane (20.1) and pentane (15.5)

γc = 5.5 mN/m

GG analysis results in 
surface energy calculation 

of: γc = 8 mN/m

PTFE ~18 mN/m
PDMS ~24 mN/m

ACS AMI, 2010
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Methylene Iodide

Octane

Water

Methanol

PMMA + 44 wt% POSS 
electrospun coating (beads on a string) morphology

Designing Omniphobic Surfaces

• Constructing super-repellent surfaces

– Three key ingredients

Roughness
(r)

Surface
Chemistry (e)

Surface
Geometry ()

Science, 2007
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Omniphobic Fabrics Repel “Everything” 
(even “Wetting” Fluids)

Water 

Rapeseed 
oil 

Ethylene 
glycol 

Dodecane

5 mm

Methanol Hexadecane Methylene
Iodide

Water

lv = 22.7 mN/m lv = 27.5 mN/m lv = 50.8 mN/m lv = 72 mN/m

Nylon shell fabric bonded to a 
Gore–Tex membrane

Anticon 100 polyester fabric

JACS, 2013

Adv Mater, Langmuir, 2008
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• Developed simple membranes and apparatus for gravity‐driven,
continuous separation of oil‐water emulsions.

Composition:
60% Oil

40% Water

> 99.9% 
Water

Emulsion SeparationGravity Driven ‐ Continuous Flow

Nature Comms, 2012

Separation of Oil-Water and EmulsionsSeparation of Oil-Water and Emulsions

Superhydrophobic/
Superoleophilic

Science, 2007
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Not all F-POSS are the same!Not all F-POSS are the same!
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HSP Data for TFP Compounds

Dodeca‐trifluoropropyl‐POSSOcta‐trifluoropropyl‐POSS Dodeca‐trifluoropropyl‐POSS

Ind Eng Chem Res, 2012
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Corner-Capped F-POSS 

• Diverse architectures – linear, branched, ether
• Corner cap yields moderate to good (7383 %)
• Soluble in common organic solvents

Chem Comm, 2007
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Solid Surface Energy Estimation

D4T8

Fluorodecyl: Rf = -CH2CH2(CF2)7CF3

Fluorooctyl: Rf = -CH2CH2(CF2)5CF3

Fluorohexyl: Rf = -CH2CH2(CF2)3CF3

Fluoropropyl: Rf = -CH2CH2CF3

Linear disiloxane resin (M2)

Structure of candidate molecules

ACS AMI, 2010
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Q4 FluoroDecyl Synthesis
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Solid Surface Energy (γsv) 
via Girifalco-Good Method

M2Q4M8T8

Molecules with a fluorodecyl chain
R = -(CH2)2(CF2)7CF3

Fluorodecyl

Fluorooctyl Fluoropropyl

Fluorohexyl
Hexafluoro-
i-butyl

Molecules with a T8 cage

ACS AMI, 2010
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HSP Data for Fluoroalkyl
Compounds

Octa‐hexafluoroisobutyl‐
POSS

Octa‐trifluoropropyl‐
POSS

Octa‐fluorohexyl‐
POSS

Fluorodecyl‐M2

H H

H H

D D
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Incompletely Condensed Silsesquioxane

• Incompletely condensed silsesquioxane synthesis yields a disilanol capable 
of functionalization with dichlorosilanes.

JACS, 2011
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• Can be reacted with functional dichlorosilane to add any desired functionality
• Platform for molecules with superhydrophobic or oleophobic properties
• A variety of fluoroPOSS compounds have been synthesized

Disilanol FluoroPOSS has a 
molecular weight  of 4009 g/mol.

Synthesis of Disilanol FluoroPOSS
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Organic-Substituted FluoroPOSS

JACS, 2011
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• Soluble in diethyl ether
• Can be directly blended in polymers
• Potential non‐ionic surfactants
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F-POSS Copolymers

Polym Chem, 2013
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SF5-Terminated F-POSS

Gard, Chem Mater, 2000
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F-@F-POSS

Bassindale, Angew Chem, 2003
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Summary

• Solubility and wetting characteristics vary widely
• Not all types of fluorinated functionality give the same results
• Even minor changes in structure may produce drastically 

different results
• Solubility behavior is difficult to predict based on structure
• Prediction of water and hydrocarbon wetting behavior is also 

extremely difficult
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QUESTIONS?
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Comparison of Surface Energy 
Parameters for POSS Compounds

Predicted values based on Hansen Solubiliy Parameters (for “liquid” surfaces)
γlv (dyn / cm) γd

lv (dyn / cm)
Fluorodecyl T8 (est. HSP) 34.6 24.8
Fluorohexyl T8 (est. HSP) 37.7 26.2
Fluoropropyl T8 43.7 28.6
Hexafluoroi-i-butyl T8 43.5 21.4
Fluorodecyl M2 30.3 20.5

• For perfluoroheptane, the predicted value of γlv  of 21 dyn/cm is close to expectations
• Agreement for the dispersive component is better, but γd

lv < γlv without rearrangement 


